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@  Apparatus  and  method  for  minimizing  engine  backbone  bending. 

  In  an  aircraft,  a  jet  engine  is  carried  by  a  frame  (4),  and 
the  engine  core  casing  (18B)  acts  as  a  beam.  An  engine  core 
cowl  (30)  is  made  of  a  composite  material  that  maintains 
structural  strength  within  a  given  temperature  range.  The 
outer  surface  of  the  cowl  (30)  is  cooled  by  the  ambient 
airstream.  The  sidewall  (32)  of  the  cowl  (30)  is  stiffened  by 
a  plurality  of  beams  on  its  inner  surface,  preferably  includ- 
ing  axial  beams  (34)  and  circumferential  beams  (38).  The 
beams  (34,  38)  are  tubular  and  have  interconnecting  pas- 
sageways  (37,  39).  The  cowl  (30)  is  connected  to  and  struc- 
turally  integrated  with  the  engine  casing.  Cooling  air  is 
aspirated  through  the  passageways  (37,  39)  to  maintain  the 
inner  portions  of  the  beams  (34,  38)  at  essentially  the  same 
temperature  as  the  outer  surface  of  the  sidewall  (32).  The 
flow  of  cooling  air  is  metered.  The  cowl  (30)  acts  as  a  beam 
and  shares  bending  loads  with  the  engine  casing. 



T e c h n i c a l   F i e l d  

T h i s   i n v e n t i o n   r e l a t e s   to  a i r c r a f t   e n g i n e   c o r e   c o w l s  

and  to   m e t h o d s   of  r e d u c i n g   e n g i n e   b a c k b o n e   b e n d i n g ,   a n d  

more   p a r t i c u l a r l y ,   to   a  c o m p o s i t e   m a t e r i a l   c o r e   cowl   t h a t  

is  s t i f f e n e d   by  a i r - c o o l e d   h o l l o w   beams   and  t h a t   i s  

s t r u c t u r a l l y   i n t e g r a t e d   w i t h   t he   e n g i n e   c a s i n g ,  a n d   to  a  

m e t h o d   in  w h i c h   t h e   cowl   a c t s   as  a  beam  and  s h a r e s   b e n d i n g  

l o a d s   w i t h   t he   e n g i n e   c a s i n g   and  in  w h i c h   t he   f low  o f  

c o o l i n g   a i r   in  t h e   beams  is  m e t e r e d .  

B a c k g r o u n d   A r t  

In  c o n v e n t i o n a l   j e t   a i r c r a f t ,   e a c h   e n g i n e   is  t y p i c a l l y  

m o u n t e d   on  a  f r a m e   c a r r i e d   by  a  w i n g ,   f u s e l a g e ,   or  o t h e r  

a i r c r a f t   s t r u c t u r e ,   and  t h e   e n g i n e   c a s i n g   a c t s   as  b o t h   a  

beam  and  a  c o l u m n   t h a t   c a r r i e s   t he   l o a d s   c r e a t e d   by  t h e  

t h r u s t   of  t h e   e n g i n e   and  t he   a i r   l o a d ,   w h i c h   may  be  o f f s e t ,  

a c t i n g   on  t h e   mount   l o c a t i o n s .   The  c o r e   cowl   i s  

c o n v e n t i o n a l l y   a t t a c h e d   to  t h e   e n g i n e   b u t   is  n o t  

s t r u c t u r a l l y   i n t e g r a t e d   w i t h   the   e n g i n e ,   so  t h a t   t h e   e n g i n e  

c a s i n g   b e a r s   t he   e n t i r e   b e n d i n g   l o a d .   In  t he   p a s t ,   t h i s  

a r r a n g e m e n t   has   b e e n   s a t i s f a c t o r y .   H o w e v e r ,   w i t h   t h e  

d e v e l o p m e n t   of  new  l a r g e r   e n g i n e s   of  l i g h t e r   w e i g h t  

c o n s t r u c t i o n   and  l a r g e r   a i r c r a f t ,   the   b e n d i n g   l o a d s   h a v e  

r e a c h e d   a  m a g n i t u d e   s u f f i c i e n t   to  c a u s e   a  s u b s t a n t i a l  

e n g i n e   b a c k b o n e   b e n d i n g   p r o b l e m .  

The  b e n d i n g   p r o b l e m   c r e a t e s   e n g i n e   p e r f o r m a n c e  

d e t e r i o r a t i o n   t h a t   c a u s e s   t he   e n g i n e   to  b u r n   e x t r a   f u e l .  

The  e n g i n e   p e r f o r m a n c e   d e t e r i o r a t i o n   r e s u l t s   b e c a u s e   t h e  

beam  f o r m e d   by  t h e   e n g i n e   c a s i n g   does   not   h a v e   s u f f i c i e n t  



s t i f f n e s s   to   p r e v e n t   d i s t o r t i o n   of  t h e   e n g i n e   c a s i n g   d u r i n g  

t a k e o f f   or  in  f l i g h t   m a n e u v e r s .   The  d i s t o r t i o n   of  t h e  

c a s i n g   can  c a u s e   r o t o r   i n s t a b i l i t y ,   and  r a p i d   wea r   of  t h e  

t i p s   of  t h e   c o m p r e s s o r ,   t u r b i n e ,   and  fan  b l a d e s   may  r e s u l t  

f rom  c a s i n g   d e f l e c t i o n s   c a u s i n g   b l a d e   t i p   i n t e r f e r e n c e   w i t h  

t he   c a s i n g .   Most   of  t he   wear   on  t he   e n g i n e   is   e x p e r i e n c e d  

on  t h e   f i r s t   f l i g h t   of  a  new  or  r e f u r b i s h e d   e n g i n e ,   a n d  

most   of  t he   f i r s t   f l i g h t   d e t e r i o r a t i o n   o c c u r s   at  t he   m o m e n t  

of  l i f t - o f f   and  a i r c r a f t   r o t a t i o n   to  t he   c l i m b   a t t i t u d e .  

R e p a i r   o n l y   p a r t i a l l y   r e s t o r e s   p e r f o r m a n c e   s i n c e   t h e  

i n t e r f e r e n c e   c o n d i t i o n   may  p e r s i s t .  

The  e f f e c t   of  t he   a c c u m u l a t e d   damage   is  t he   need   f o r  

more  shop   v i s i t s   fo r   r e f u r b i s h m e n t ,   r e s u l t i n g   in  g r e a t l y  
i n c r e a s e d   c o s t   of  m a i n t e n a n c e ,   and  an  o v e r a l l   l o s s   of  f u e l  

e f f i c i e n c y .   Such  a  l o s s   of  f u e l   e f f i c i e n c y ,   in  t h e s e   d a y s  

of  s t e a d i l y   i n c r e a s i n g   c o s t s ,   is  an  u n a c c e p t a b l e   b u r d e n .  

T h e r e f o r e ,   a  p r i n c i p a l   o b j e c t   of  t he   i n v e n t i o n   is  t o  

p r e v e n t   t h i s   l o s s   of  f u e l   e f f i c i e n c y   by  s t r u c t u r a l l y  

i n t e g r a t i n g   t h e   c o r e   cowl   w i t h   t he   e n g i n e   so  t h a t   t he   c o r e  

cowl  w i l l   a c t   as  a  d u r a b l e   s t r u c t u r a l   member ,   t h e   b e n d i n g  

l o a d s   w i l l   be  d i v i d e d   b e t w e e n   t he   c o r e   cowl   and  the   e n g i n e  

c a s i n g ,   and  d e f l e c t i o n s   w i l l   be  r e d u c e d   and  b l a d e   t i p  

r u b b i n g   p r e v e n t e d .  

T h i s   l o a d   s h a r i n g   c o n c e p t   has   p r o v e d   e f f e c t i v e   i n  

d e a l i n g   w i t h   t h e   e n g i n e   b a c k b o n e   b e n d i n g   p r o b l e m .   H o w e v e r ,  

t h e r e   is  a  c e r t a i n   a m o u n t   of  t r a d e   o f f   i n v o l v e d .   T h a t   i s ,  

s t r u c t u r a l l y   i n t e g r a t i n g   a  c o n v e n t i o n a l l y   made  c o r e   c o w l  

w i t h   t h e   e n g i n e   c a s i n g   adds   to  t he   o v e r a l l   w e i g h t   of  t h e  

a i r c r a f t .   T h e r e   is   a  n e t   g a i n   in  f u e l   e f f i c i e n c y   s i n c e   t h e  

l o s s e s   due  to  e n g i n e   p e r f o r m a n c e   d e t e r i o r a t i o n   a r e   g r e a t l y  

r e d u c e d ,   bu t   t he   i m p r o v e m e n t   in  f u e l   e f f i c i e n c y   is  f a r   f r o m  

m a x i m i z e d .   T h e r e f o r e ,   i t   is  a n o t h e r   p r i n c i p a l   o b j e c t   o f  

t he   p r e s e n t   i n v e n t i o n   to  p r o v i d e   a  l i g h t w e i g h t   c o r e   c o w l  

t h a t   s h a r e s   b e n d i n g   l o a d s   w i t h   t he   e n g i n e   c a s i n g .   An 



a i r c r a f t   e q u i p p e d   w i t h   such   l oad   c a r r y i n g   c o r e   c o w l s   m a d e  

of  l i g h t w e i g h t   c o m p o s i t e   m a t e r i a l s   may  a c t u a l l y   w e i g h   l e s s  

t h a n   a  c o n v e n t i o n a l l y   m a n u f a c t u r e d   a i r p l a n e .  

The  use   of  c o m p o s i t e   m a t e r i a l s   in  e n g i n e   n a c e l l e s  

p r e s e n t s   p r o b l e m s   b e c a u s e   t h e s e   m a t e r i a l s ,   a l t h o u g h   n o t  

s u b j e c t   to  d e s t r u c t i o n   f rom  v e r y   h i g h   t e m p e r a t u r e s ,   l o s e  

some  of  t h e i r   a b i l i t y   to  c a r r y   l o a d s   as  t h e i r   t e m p e r a t u r e  
r i s e s .   H e n c e ,   t h e r e   is  a  need  to  e n s u r e   t h a t   in  s e r v i c e  

t h e   t e m p e r a t u r e   of  e a c h   l o a d - b e a r i n g   p o r t i o n   of  t he   c o w l  

w i l l   not   e x c e e d   t he   t e m p e r a t u r e   at   w h i c h   the   d e c r e a s e   i n  

l o a d - c a r r y i n g   a b i l i t y   b e c o m e s   s i g n i f i c a n t .  

The  f o l l o w i n g   is  a  l i s t   of  U n i t e d   S t a t e s   p a t e n t s   t h a t  

d i s c l o s e   a p p a r a t u s   a n d / o r   m e t h o d s   for   c o o l i n g   p a r t s   o f  

s t r u c t u r e s :  

1 , 5 2 2 , 0 3 2 ,   g r a n t e d   J a n u a r y   6,  1925 ,   to  W.  L.  S c a r f f ;  

1 , 6 3 5 , 9 3 8 ,   g r a n t e d   J u l y   12,  1927 ,   to   J .   W.  H u d s o n ;  

2 , 2 6 4 , 7 6 5 ,   g r a n t e d   D e c e m b e r   2,  1941 ,   to  H.  E.  Le  V e q u e ;  

2 , 6 2 5 , 0 0 7 ,   g r a n t e d   J a n u a r y   13,  1953 ,   to  R.  C.  T r u a x ;  

2 , 7 9 4 , 3 1 9 ,   g r a n t e d   J u n e   4,  1957,   to  C.  H.  S t o c k d a l e ;  

2 , 9 3 5 , 8 4 1 ,   g r a n t e d   May  10,  1960,   to  H.  S.  Myers   et  a l ;  

3 ,  1 9 0 ,  0 7 0 ,   g r a n t e d   J u n e   22,  1965 ,   to  E.  A.  Neu,  J r . ;  

3 ,  3 5 3 ,  3 5 9 ,   g r a n t e d   N o v e m b e r   21,  1967,   t o  J .   E.  Webb ;  

3 ,  8 1 5 ,  3 6 0 ,   g r a n t e d   J u n e   11,  1974 ,   to  J .   N.  W e l l i n i t z ;  

3 ,  8 4 8 ,  6 9 7 ,   g r a n t e d   N o v e m b e r   19,  1974,   to  J a n n o t   et  a l ;  

3 , 9 1 0 , 0 3 9 ,   g r a n t e d   O c t o b e r   7,  1975,   to  A.  F o r t i n i ;  

3 , 9 7 0 , 2 5 2 ,   g r a n t e d   J u l y   20,  1976,   to  Smale   et  a l ;  

3 ,  9 8 1 ,  4 4 8 ,   g r a n t e d   S e p t e m b e r   21,  1976,   to  D e m o g e n e s   e t  

a l ;  

3 ,  9 8 1 ,  4 4 9 ,   g r a n t e d   S e p t e m b e r   21,  1976,   to  Krey  et   a l ;  

4 , 0 4 4 , 5 5 5 ,   g r a n t e d   A u g u s t   30,  1977,   to  M c h o u g h l i n   e t  

a l ;  

4 , 0 8 1 , 1 3 7 ,   g r a n t e d   March  28,  1978,   to  S u t t o n   et   a l ;  

4 , 2 1 4 , 4 4 1 ,   g r a n t e d   J u l y   29,  1980,   to  M o u r i t s e n   et  a l ;  

a n d  



4 , 2 6 5 , 3 3 2 ,   g r a n t e d   May  5,  1981 ,   to  P r e s n a l l   et   a l .  

The  f i r s t   t h r e e   of  t h e s e   p a t e n t s ,   S c a r f f ,   H u d s o n ,   a n d  

Le  V e q u e ,   d i s c l o s e   s e p a r a t e   s t r u c t u r a l   members   t h a t   use   a i r  

f l ow  to  c r e a t e   s u c t i o n   to  draw  g a s e s   from  t h e   s t r u c t u r a l  

member  to  be  c o o l e d .   With  the   e x c e p t i o n   of  Myers   et  a l ,  

the   r e m a i n d e r   of  t he   a b o v e   p a t e n t s   d i s c l o s e   d o u b l e - w a l l e d  

s t r u c t u r e s   t h a t   f u n c t i o n   to  c o o l   t h e   w a l l   i t s e l f   or  t h e  

c h a m b e r   e n c l o s e d   by  the   w a l l .   Myers   et  al   d i s c l o s e s   a  w a l l  

of  a  t h r u s t   c h a m b e r   t h a t   has  a x i a l   h o l e s   e x t e n d i n g   t h r o u g h  
i t   f o r   c o o l i n g   t h e   i n n e r   s u r f a c e   of  the   w a l l .   The  w a l l   i s  

made  f rom  a  h i g h l y   h e a t   c o n d u c t i v e   m a t e r i a l .   S t o c k d a l e ,  

Myers   et   a l ,   Neu,  J r . ,   Webb,  J a n n o t   et  a l ,   F o r t i n i ,   Krey  e t  

a l ,   M c L o u g h l i n   e t   a l ,   and  S u t t o n   e t   al  d i s c l o s e   a p p a r a t u s  

in  w h i c h   c o o l i n g   a i r   is  d i r e c t e d   t h r o u g h   l o n g i t u d i n a l  

p a s s a g e w a y s   in  t he   w a l l s   of  the   c h a m b e r   to  be  c o o l e d .  

Two  o t h e r   U n i t e d   S t a t e s   p a t e n t s   a r e   of  p o s s i b l e  
r e l e v a n c e   in  c o n s i d e r i n g   the   p r e s e n t   i n v e n t i o n .   No .  

3 , 5 6 6 , 6 0 6 ,   g r a n t e d   March  2,  1971,   to  J .   O.  M o r t l o c k ,  

d i s c l o s e s   a  d o u b l e - w a l l e d   s t r u c t u r e   e n c l o s i n g   s i d e   by  s i d e -  

l o n g i t u d i n a l   t u b e s   t h r o u g h   w h i c h   h o t   g a s e s   a r e   d i r e c t e d   f o r  

d e i c i n g   or  d e f r o s t i n g   of  an  a i r p l a n e   e n g i n e   c a s i n g .   No.  

3 , 9 5 2 , 8 2 3 ,   g r a n t e d   A p r i l   27,  1976,   to  H i n d e r k s ,   d i s c l o s e s  

a p p a r a t u s   fo r   e x t r a c t i n g   g a s e s   f rom  a  v e h i c l e .   T h i s  

a p p a r a t u s   u s e s   a i r   f l ow  to  c r e a t e   s u c t i o n   to  e x t r a c t   t h e  

g a s e s   in  a  m a n n e r   s i m i l a r   to  the   f u n c t i o n i n g   of  the   d e v i c e s  

d i s c l o s e d   by  S c a r f f ,   H u d s o n ,   and  Le  V e q u e .  

The  a b o v e - c i t e d   p a t e n t s ,   t o g e t h e r   w i t h   the   p r i o r   a r t  

t h a t   was  c i t e d   and  c o n s i d e r e d   by  t he   P a t e n t   O f f i c e   b e f o r e  

g r a n t i n g   them,   as  l i s t e d   on  such  p a t e n t s ,   s h o u l d   b e  

c a r e f u l l y   c o n s i d e r e d   f o r   the   p u r p o s e   of  p r o p e r l y   e v a l u a t i n g  

t he   s u b j e c t   i n v e n t i o n   and  p u t t i n g   i t   i n t o   p r o p e r  

p e r s p e c t i v e   r e l a t i v e   to  t he   p r i o r   a r t .  



d i s c l o s u r e   of  t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  an  i m p r o v e m e n t   to  be  u s e d   i n  

c o m b i n a t i o n   w i t h   an  a i r c r a f t   in  w h i c h   an  e n g i n e   is  c a r r i e d  

by  an  e n g i n e   m o u n t i n g   f r a m e   and  t he   e n g i n e   c a s i n g   a c t s   as  a  

beam.  A c c o r d i n g   to  a  b a s i c   a s p e c t   of  t he   i n v e n t i o n ,   t h e  

i m p r o v e m e n t   c o m p r i s e s  a   c o r e   cowl   t h a t   s u r r o u n d s   a  p o r t i o n  

of  t he   e n g i n e .   T h i s   cowl   c o m p r i s e s   a  m a t e r i a l   t h a t   c a n  

w i t h s t a n d   h e a t   bu t   t h a t   l o s e s   s t r e n g t h   as  i t s   t e m p e r a t u r e  

r i s e s   a b o v e   a  p r e d e t e r m i n e d   l e v e l .   The  cowl  i n c l u d e s   a  

s i d e w a l l   and  s t i f f e n i n g   means   fo r   s t i f f e n i n g   the   c o w l .   T h e  

o u t e r   s u r f a c e   of  the   s i d e w a l l   is  p o s i t i o n e d   to  be  e x p o s e d  

to  a  c o o l i n g   a i r s t r e a m .   The  s t i f f e n i n g   means   i n c l u d e s   a 

p l u r a l i t y   of  t u b u l a r   beams  on  the   i n n e r   s u r f a c e   of  t h e  

s i d e w a l l   of  t h e   c o w l .   Each  of  t h e   beams  has  a  w a l l   p o r t i o n  

t h a t   is   s p a c e d   from  t h e   i n n e r   s u r f a c e   of  t he   s i d e w a l l .   T h e  

i m p r o v e m e n t   a l s o   i n c l u d e s   c o n n e c t i n g   means   fo r   c o n n e c t i n g  

t h e   cowl  to  t h e   e n g i n e   m o u n t i n g   f r a m e   and  f o r   s t r u c t u r a l l y  

i n t e g r a t i n g   t h e   e n g i n e   c a s i n g   w i t h   t he   c o w l .   Means  f o r  

d i r e c t i n g   c o o l i n g   a i r   t h r o u g h   t he   beams  is   a l s o   p r o v i d e d .  

The  cowl   a c t s   as  a  beam  and  s h a r e s   b e n d i n g   l o a d s   w i t h   t h e  

e n g i n e   c a s i n g .  

A c c o r d i n g   to  a n o t h e r   a s p e c t   of  t he   i n v e n t i o n ,   t h e  

t u b u l a r   beams  i n c l u d e   f i r s t   and  s e c o n d   s e t s   o f  

n o n - i n t e r s e c t i n g   b e a m s ,   e a c h   s u c h   s e t   b e i n g   s p a c e d   a b o u t  

t h e   i n n e r   s u r f a c e   of  t he   s i d e w a l l   of  t he   c o w l .   The  f i r s t  

s e t   i n t e r s e c t s   t he   s e c o n d   s e t ,   and  t h e   two  s e t s   a r e  

i n t e r c o n n e c t e d   to  a l l o w   the   p a s s a g e   of  c o o l i n g   a i r   b e t w e e n  

t h e m .  

A c c o r d i n g   to  s t i l l   a n o t h e r   a s p e c t   of  t he   i n v e n t i o n ,   t h e  

t u b u l a r   beams  e x t e n d   a x i a l l y   a l o n g   and  a r e   d i s t r i b u t e d  

c i r c u m f e r e n t i a l l y   a b o u t   the  i n n e r   s u r f a c e   of  the   c o w l  

s i d e w a l l .  

A c c o r d i n g   to  a  p r e f e r r e d   a s p e c t   of  t he   i n v e n t i o n ,   t h e  

a x i a l   beams  a r e   s p a c e d   c i r c u m f e r e n t i a l l y   a b o u t   t he   i n n e r  



s u r f a c e   of  the   s i d e w a l l   of  t he   c o w l .   The  s t i f f e n i n g   m e a n s  

f u r t h e r   i n c l u d e s   a  p l u r a l i t y   of  a x i a l l y - s p a c e d   t u b u l a r  

beams   e x t e n d i n g   c i r c u m f e r u n t i a l l y   a r o u n d   t h e   i n n e r   s u r f a c e  

of  t he   s i d e w a l l .   Each  of  t h e s e   c i r c u m f e r e n t i a l   beams  has  a  

w a l l   p o r t i o n   t h a t   is  s p a c e d   f rom  the   i n n e r   s u r f a c e   of  t h e  

s i d e w a l l .   The  a x i a l   beams  and  the   c i r c u m f e r e n t i a l   b e a m s  

a r e   i n t e r c o n n e c t e d   to  a l l o w   the   p a s s a g e   of  c o o l i n g   a i r  

b e t w e e n   t h e m .  

A c c o r d i n g   to  a n o t h e r   a s p e c t   of  t h e   i n v e n t i o n ,   s a i d   w a l l  

p o r t i o n   of  e a c h   t u b u l a r   beam  is  e s s e n t i a l l y   p a r a l l e l   to  t h e  

i n n e r   s u r f a c e   of  the   s i d e w a l l   of  t he   c o w l .  

A c c o r d i n g   to  a  p r e f e r r e d   a s p e c t   of  t h e   i n v e n t i o n ,   t h e  

t u b u l a r   beams  a r e   h o l l o w   box  b e a m s .  

A c c o r d i n g   to  a n o t h e r   p r e f e r r e d   a s p e c t   of  the   i n v e n t i o n ,  

t h e   means   for   d i r e c t i n g   c o o l i n g   a i r   c o m p r i s e s   i n l e t   m e a n s  

at   t he   f o r w a r d   end  of  the  cowl   and  o u t l e t   means   at  the   r e a r  

end  of  t he   c o w l .   The  i n l e t   means   and  the   o u t l e t   means   a r e  

p o s i t i o n e d   to  m a i n t a i n   f low  of  c o o l i n g   a i r   by  f o r c e d  

a s p i r a t i o n .  

A c c o r d i n g   to  s t i l l   a n o t h e r   p r e f e r r e d   a s p e c t   of  t h e  

i n v e n t i o n ,   the   cowl   c o m p r i s e s   l a m i n a t e d   p a n e l s   of  c o m p o s i t e  
m a t e r i a l .   The  t u b u l a r   beams  a r e   f o r m e d   i n t e g r a l l y   w i t h   t h e  

s i d e w a l l   of  the   c o w l .  

A c c o r d i n g   to  a  m e t h o d   a s p e c t   of  t he   i n v e n t i o n ,   a  m e t h o d  

of  m i n i m i z i n g   e n g i n e   b a c k b o n e   b e n d i n g   is  p r o v i d e d   in  a  

s y s t e m   in  w h i c h   an  e n g i n e   is   c a r r i e d   by  an  e n g i n e   m o u n t i n g  

f r a m e   of  an  a i r c r a f t ,   a  c o r e   cowl  s u r r o u n d s   a  p o r t i o n   o f  

the   e n g i n e ,   t he   o u t e r   s u r f a c e   of  the   s i d e w a l l   of  t he   c o w l  

is  e x p o s e d   to  a  c o o l i n g   a i r s t r e a m ,   and  t he   e n g i n e   c a s i n g  

a c t s   as  a  beam  t h a t   c a r r i e s   b e n d i n g   l o a d s .   The  m e t h o d  

c o m p r i s e s   p r o v i d i n g   the   c o r e   cowl  w i t h   t u b u l a r   beams  on  t h e  

i n n e r   s u r f a c e   of  the   s i d e w a l l   of  the   cowl  to  s t i f f e n   t h e  

c o w l .   The  cowl   and  e n g i n e   c a s i n g   a r e   c o n n e c t e d   t o g e t h e r  

and  s t r u c t u r a l l y   i n t e g r a t e d .   T h i s   a l l o w s   the   cowl  to  a c t  



as  a  beam  so  t h a t   t he   cowl   and  t h e   e n g i n e   c a s i n g   e a c h  

e x p e r i e n c e   b e n d i n g   l o a d s .   A  m e t e r e d   f l ow  of  c o o l i n g   a i r   i s  

d i r e c t e d   t h r o u g h   the   t u b u l a r   beams  to  m a i n t a i n   t he   r a d i a l l y  

i n n e r   p o r t i o n s   of  the   beams  a t   e s s e n t i a l l y   t h e   s a m e  

t e m p e r a t u r e   as  t he   o u t e r   s u r f a c e   of  t he   s i d e w a l l   of  t h e  

c o w l .   P r e f e r a b l y ,   t h e   s t e p   of  d i r e c t i n g   a  m e t e r e d   f low  o f  

c o o l i n g   a i r   c o m p r i s e s   s e l e c t i n g   t u b u l a r   beams  w i t h  

l o n g i t u d i n a l   p a s s a g e w a y s   t h a t   a r e   s i z e d   to  p e r m i t   t h e  

d e s i r e d   a m o u n t   of  f l o w ,   and  p o s i t i o n i n g   i n l e t   means   a t   t h e  

f o r w a r d   end  of  t h e   cowl   and  o u t l e t   means   a t   the   r e a r   end  o f  

t h e   cowl   to  m a i n t a i n   f l ow  of  c o o l i n g   a i r   by  f o r c e d  

a s p i r a t i o n .  

The  a p p a r a t u s   and  m e t h o d   of  t h i s   i n v e n t i o n   to  a  l a r g e  

d e g r e e   e l i m i n a t e   e n g i n e   b a c k b o n e   b e n d i n g   and  i t s   a t t e n d a n t  

p r o b l e m s .   The  b e n d i n g   l o a d s   a r e   d i v i d e d   b e t w e e n   the  l o a d  

c a r r y i n g   c o r e   cowl   and  the   e n g i n e   c a s i n g .   By  p r o v i d i n g  

c o r e   c o w l s   t h a t   a r e   s t r u c t u r a l l y   r e i n f o r c e d   and  a i r   c o o l e d ,  

t he   i n v e n t i o n   makes   i t   p o s s i b l e   f o r   t he   b e n d i n g   l o a d s   to  b e  

s h a r e d   w i t h o u t   a d d i n g   to  the   w e i g h t   of  the   a i r c r a f t ;   t h a t  

i s ,   t h e   o v e r a l l   w e i g h t   of  t he   a i r c r a f t   t  e q u i p p e d   w i t h  

n o n - l o a d - c a r r y i n g   c o w l s .   The  l o a d   c a r r y i n g   c o r e   cowl  may 
be  c o n s t r u c t e d   f rom  v a r i o u s   l i g h t w e i g h t   c o m p o s i t e   or  m e t a l  

m a t e r i a l s   t h a t   m a i n t a i n  t h e i r   s t r u c t u r a l   s t r e n g t h   w i t h i n  

t he   r a n g e   of  t e m p e r a t u r e s   t h a t   can  be  m a i n t a i n e d   in  an  a i r  

c o o l e d   c o w l .   The  s t r u c t u r e   of  the   a p p a r a t u s   of  t he   p r e s e n t  

i n v e n t i o n   s o l v e s   t h e   p r o b l e m   of  t he   t e n d e n c y   fo r   t he   i n n e r  

p o r t i o n s   of  r e i n f o r c i n g   beams  of  t he   cowl  to  r e a c h   h i g h e r  

t e m p e r a t u r e s   t h a n   t he   o u t e r   s u r f a c e   of  t he   c o w l .   In  t h e  

a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n ,   t he   r e i n f o r c i n g   b e a m s  

h a v e   a  d u e l   f u n c t i o n ,   s t r u c t u r a l   r e i n f o r c e m e n t   a n d  

p r o v i d i n g   means   fo r   coo  t i n g .   The  beams  a l s o   p r o t e c t  

p o r t i o n s   of  t he   s i d e w a l l   of  t he   cowl  f rom  r a d i a t e d   e n g i n e  

h e a t .  

I t   is  a n t i c i p a t e d   t h a t   the   a p p l i c a t i o n   of  t he   m e t h o d  



and  a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   r e s u l t   in  g r e a t  

s a v i n g s   in  b o t h   m a i n t e n a n c e   c o s t s   and  f u e l   c o s t s   a s s o c i a t e d  

w i t h   t he   o p e r a t i o n   of  a i r c r a f t .   The  m e t h o d   and  a p p a r a t u s  

of  t he   p r e s e n t   i n v e n t i o n   have   t he   a d d i t i o n a l   a d v a n t a g e   o f  

be i  ng   c o m p a t i b l e   w i t h   the   use   of  t h e   new  c o m p o s i  t e  

m a t e r i a l s .   T h e r e f o r e ,   as  t h e s -   c o m p o s i t e s   a r e   u s e d   m o r e  

and  more  in  the  c o n s t r u c t i o n   of  d i f f e r e n t   p a r t s   of  t h e  

a i r p l a n e ,   i n c l u d i n g   the   w i n g s ,   t he   l o a d   c a r r y i n g   c o r e   c o w l  

and  m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   be  e n t i r e l y  

c o m p a t i b l e   w i t h   t he   new  s t r u c t u r e s .  

T h e s e   and  o t h e r   a d v a n t a g e s   and  f e a t u r e s   w i l l   b e c o m e  

a p p a r e n t   f rom  t h e   d e t a i l e d   d e s c r i p t i o n   of  t he   b e s t   mode  f o r  

c a r r y i n g   ou t   the   i n v e n t i o n   t h a t   f o l l o w s .  

B r i e f   D e s c r i p t i o n   Of  The  D r a w i n g s  

In  t he   d r a w i n g s ,   l i k e   e l e m e n t   d e s i g n a t i o n s   r e f e r   t o  

l i k e   p a r t s   t h r o u g h o u t ,   a n d :  

F i g .   1  is   a  s e c t i o n a l   v i ew  of  a  p o r t i o n   of  an  a i r p l a n e  

wing  on  w h i c h   is  m o u n t e d   a  j e t   e n g i n e   and  t h e   p r e f e r r e d  
e m b o d i m e n t   of  t h e   l o a d   c a r r y i n g   c o r e   cowl   of  t h e   p r e s e n t  
i n v e n t i o n ,   w i t h   some  e l e m e n t s   shown  in  p l a n .  

F i g .   2  is   a  p a r t i a l l y   e x p l o d e d   p i c t o r i a l   v i ew  of  t h e  

f r a m e   s t r u c t u r e ,   e n g i n e ,   and  cowl  shown  in  F i g .   1 .  

F i g .   3  is   an  e x p l o d e d   p i c t o r i a l   v i ew   of  t h e   p r e f e r r e d  

e m b o d i m e n t s   of  t he   cowl   and  cowl  s u p p o r t   s t r u c t u r e .  

F i g .   4  i s   a  s i d e   e l e v a t i o n a l   v i ew   of   t h e   p r e f e r r e d  

e m b o d i m e n t   of  t he   cowl  and  the   cowl  s u p p o r t   s h r o u d   w i t h  

f o r e g r o u n d   p o r t i o n s   cu t   away  to  r e v e a l   p o r t i o n s   of  t h e  

e n g i n e   c a s i n g   and  t h e   i n t e r n a l   s t r u c t u r e   of  t h e   c o r e   c o w l .  

F i g .   5  i s   a  f r a g m e n t a r y   p i c t o r i a l   v i ew   of  t he   i n n e r  

s u r f a c e   of  t he   p r e f e r r e d   e m b o d i m e n t   of  t he   c o w l .  

F i g .   6  shows  the   c r o s s - s e c t i o n a l   c o n f i g u r a t i o n   of  a  

commonly   u s e d   wide   f l a n g e   s u p p o r t   b e a m .  

F i g .   7  i s   a  c r o s s - s e c t i o n a l   v i ew  of  one  of  t h e   t u b u l a r  

beams   t h a t   form  a  p a r t   of  the   p r e f e r r e d   e m b o d i m e n t   of  t h e  



i n v e n t i o n .  

F i g .   8  is  a  p i c t o r i a l   v i ew  l o o k i n g   t o w a r d   the   i n n e r  

s u r f a c e   of  o n e - h a l f ,   or  one  d o o r ,   of  t he   l o a d   c a r r y i n g   c o r e  

cowl   of  t he   p r e f e r r e d   e m b o d i m e n t .  

F i g .   9  is  a  d e t a i l   of  the   i n d i c a t e d   p o r t i o n   of  t h e   c o w l  

d o o r   shown  in  F i g .   8,  i l l u s t r a t i n g   a  p o r t i o n   of  t he   h i n g e  

m e c h a n i s m .  

F i g .   10  i s   a  d e t a i l   of  a n o t h e r   p o r t i o n   of  F i g .   8,  a s  

i n d i c a t e d   in  t he   d r a w i n g .  

F i g .   11  i s   a  d e t a i l   of  t he   end  of  one  of  the   a x i a l  

beams  and  a  p o r t i o n   of  t he   f o r w a r d   V - t o n g u e   s u p p o r t  

s t r u c t u r e   of  t he   p r e f e r r e d   e m b o d i m e n t .  

F i g .   12  is   a  f r a g m e n t a r y   p i c t o r i a l   v iew  s h o w i n g  

p o r t i o n s   of  t he   a f t   s u p p o r t   r i n g   f r a m e ,   t he   l o a d   t r a n s f e r  

r i n g ,   and  one  of  t he   s w i v e l   l i n k s   t h a t   s t r u c t u r a l l y  

i n t e g r a t e   t he   cowl   w i t h   t he   e n g i n e   c a s i n g .  

B e s t   Mode  For  C a r r y i n g   Out  The  I n v e n t i o n  

The  d r a w i n g s   show  a  l o a d   c a r r y i n g   c o r e   cowl  30  a n d  

c o n n e c t i n g   and  m o u n t i n g   s t r u c t u r e s   t h a t   a r e   c o n s t r u c t e d  

a c c o r d i n g   to  t he   i n v e n t i o n   and  t h a t   a l s o   c o n s t i t u t e   t h e  

b e s t   mode  of  t he   a p p a r a t u s   o f  t h e   i n v e n t i o n   c u r r e n t l y   k n o w n  

to  t h e   a p p l i c a n t s .   F i g .   1  shows  the   c o r e   cowl   30  and  i t s  

a s s o c i a t e d   s t r u c t u r e s   in  a  t y p i c a l   i n s t a l l a t i o n   i n  

a s s o c i a t i o n   w i t h   a  j e t   e n g i n e   m o u n t e d   on  an  a i r c r a f t   w i n g  

2.  A  number   of  c o n v e n t i o n a l   f e a t u r e s   a r e   i l l u s t r a t e d   i n  

F i g .   1.  T h e s e   f e a t u r e s   i n c l u d e   the   wing   2  of  t he   a i r c r a f t ,  

t h e   f r a m e   member   4  e x t e n d i n g   f rom  t he   wing  2  and  on  w h i c h  

t he   e n g i n e   is  m o u n t e d ,   t he   f o r w a r d   s t r u t   f a i r i n g   6,  t h e   f a n  

8,  t h e   e x h a u s t   p l u g   10,  t he   n o z z l e   e x h a u s t   s l e e v e   12,  a n d  

t h e   n o s e   cap   14.  Such  f e a t u r e s   a r e   a l l   s t a n d a r d   in  j e t  

e n g i n e s   and  may  be  v a r i e d   c o n s i d e r a b l y   w i t h o u t   a f f e c t i n g  

t h e   f u n c t i o n i n g   of  t h e   s t r u c t u r e s   t h a t   a r e  a   p a r t   of  t h e  

a p p a r a t u s   of  the   p r e s e n t   i n v e n t i o n .  



The  l o a d   c a r r y i n g   c o r e   cowl   30  of   t h e   p r e s e n t   i n v e n t i o n  

is  an  e s s e n t i a l l y   c y l i n d r i c a l   s t r u c t u r e   t h a t   s u r r o u n d s   t h e  

c o r e   of  t he   e n g i n e   in  the   c o n v e n t i o n a l   m a n n e r .   The  o u t e r  

s u r f a c e   of  t h e   s i d e w a l l   32  of  t he   cowl  30  is   p o s i t i o n e d ,  

a l s o   in  a  c o n v e n t i o n a l   m a n n e r ,   to  be  e x p o s e d   to  a  c o o l i n g  

a i r s t r e a m .   T h i s   a i r s t r e a m   is  n o r m a l l y   p r o v i d e d   by  t h e   f l o w  

of  a m b i e n t   a i r .   The  cowl   30  is   made  of  a  m a t e r i a l   t h a t   c a n  

w i t h s t a n d   h e a t   b u t   t h a t   l o s e s   s t r u c t u r a l   s t r e n g t h   as  i t s  

t e m p e r a t u r e   r i s e s   a b o v e   a  p r e d e t e r m i n e d   l e v u l .   The  cowl   30 

i n c l u d e s   an  e s s e n t i a l l y   c y l i n d r i c a l   s i d e w a l l   32  a n d  

s t i f f e n i n g   means   f o r   s t i f f e n i n g   t h e   cowl   30.  T h e  

s t i f f e n i n g   means   i n c r e a s e s   t he   s t r u c t u r a l   s t r e n g t h   of  t h e  

cowl   3 0 .  

The  s t i f f e n i n g   means   i n c l u d e s   a  p l u r a l i t y   of  h o l l o w  

t u b u l a r   beams   34  on  t h e   i n n e r   s u r f a c e   of  t h e   s i d e w a l l   32  o f  

t h e   cowl   30.  T h e s e   beams  p r e f e r a b l y   e x t e n d   a x i a l l y   a l o n g  

t h e   i n n e r   s u r f a c e   of  t h e   s i d e w a l l   32  of  t h e   cowl   30  and  a r e  

d i s t r i b u t e d   c i r c u m f e r e n t i a l l y   a b o u t   t h i s   i n n e r   s u r f a c e .   I n  

t h e   p r e f e r r e d   e m b o d i m e n t ,   t h e s e   a x i a l   beams   34  a r e   s p a c e d  

c i r c u m f e r e n t i a l l y   a b o u t   t h e   i n n e r   s u r f a c e   of  t h e   s i d e w a l l  

32,  and  t h e   s t i f f e n i n g   means   a l s o   i n c l u d e s   a  p l u r a l i t y   o f  

a x i a l l y   s p a c e d   ci  r c u m f e r e n t i   al   beams  38  t h a t   e x t e n d  

c i r c u m f e r e n t i a l l y   a r o u n d   t he   i n n e r   s u r f a c e   of  t h e   s i d e w a l l  

32  of  t h e   cowl   30.  Of  c o u r s e ,   t h e   beams   c o u l d   a l s o   b e  

a r r a n g e d ,   w i t h o u t   d e p a r t i n g   f rom  t h e   s p i r i t   and  s c o p e   o f  

t h e   i n v e n t i o n ,   in  any  of  a  v a r i e t y   of  d i f f e r e n t   p a t t e r n s  

t h a t   p r o v i d e   t h e   r e q u i r e d   s t i f f e n i n g .   By  way  o f  

n o n l i m i t a t i v e   e x a m p l e   o n l y ,   t h e y   c o u l d   be  a r r a n g e d   in  a  

h e l i c a l   p a t t e r n .  

Each  of  the   c i r c u m f e r e n t i a l   and  t h e   a x i a l   r e i n f o r c i n g  

beams   34,  38  a r e   t u b u l a r   and  h a v e   a  w a l l   p o r t i o n   36  t h a t   i s  

s p a c e d   f rom  t he   i n n e r   s u r f a c e   of  the   s i d e w a l l   32  of   t h e  

cowl  30.  P r e f e r a b l y ,   t he   w a l l   p o r t i o n   36  of  e a c h   of  t h e  

beams   34,  38  i s   a l s o   e s s e n t i a l l y   p a r a l l e l   to  t he   i n n e r  



s u r f a c e   of  t h e   s i d e w a l l   32.  In  t h e   p r e f e r r e d   e m b o d i m e n t  

shown  in  t h e   d r a w i n g s ,   e a c h   of  t h e   a x i a l   a n d  

c i r c u m f e r e n t i a l   beams  34  ,38  i s   a  h o l l o w   box  beam.   E a c h  

s u c h   box  beam  is   r e c t a n g u l a r   in  c r o s s   s e c t i o n   w i t h   two  s i d e  

webs  35  e x t e n d i n g   r a d i a l l y   i n w a r d l y   f rom  t h e   s i d e w a l l   32 

and  a  r a d i a l l y   i n w a r d   w a l l   p o r t i o n   36  t h a t   c o n n e c t s   t h e  

r a d i a l l y   i n n e r   e n d s   of  t h e   two  s i d e   webs  35.  T h i s   r a d i a l l y  

i n w a r d   w a l l   36  f o r m s   t h e   w a l l   p o r t i o n   t h a t   is  e s s e n t i a l l y  

p a r a l l e l   to  and  s p a c e d   f rom  t h e   i n n e r   s u r f a c e   of  t h e  

s i d e w a l l   32  of  t h e   cowl   3 0 .  

The  s i d e w a l l   32  of  the   cowl   30,  t h e   two  s i d e   webs  3 5 ,  

and  t h e   r a d i a l l y   i n w a r d   w a l l   36  t h a t   c o n n e c t s   t h e   webs   35  

t o g e t h e r   d e f i n e   an  e s s e n t i a l l y   r e c t a n g u l a r   p a s s a g e w a y   3 7 ,  

39  t h r o u g h   e a c h   of  t h e   beams  34,  38.  The  a x i a l   bourns  34  

and  t h e   c i r c u m f e r e n t i a l   beams  38  a r e   i n t e r c o n n e c t e d   w h e n  

t h e y   c r o s s   e a c h   o t h e r   in  a  m a n n e r   in  w h i c h   t h e   r e c t a n g u l a r  

p a s s a g e w a y s   37,  39  t h r o u g h   t h e   beams  a r e   i n t e r c o n n e c t e d .  

T h i s   a l l o w s   t h e   p a s s a g e   of  c o o l i n g   a i r   b e t w e e n   t h e   a x i a l  

and  t h e   c i r c u m f e r e n t i a l   beams  34,  3 8 .  

A l t h o u g h   t h e   beams   34,  38  and  t h e   p a s s a g e w a y s   37,  39  i n  

t h e   p r e f e r r e d   e m b o d i m e n t   shown  in  t he   d r a w i n g s   a r e  

r e c t a n g u l a r   in  c r o s s   s e c t i o n ,   beams  a n d / o r   p a s s a g e w a y s   w i t h  

d i f f e r e n t l y   s h a p e d   c r o s s   s e c t i o n s   c o u l d   a l s o   be  p r o v i d e d .  

By  way  of  n o n l i m i t i v e   e x a m p l e   o n l y ,   t h e   p a s s a g e w a y   c r o s s  

s e c t i o n s   m i g h t   be  c i r c u l a r ,   e l l i p t i c a l ,   or  t r i a n g u l a r .  

The  g r e a t e s t   p a r t   of  t h e   s t r u c t u r a l   s t i f f e n i n g   of  t h e  

l o a d   c a r r y i n g   c o r e   cowl   30  is  a c c o m p l i s h e d   by  t he   p r o v i s i o n  

of  t he   a b o v e   d e s c r i b e d   a x i a l   and  c i r c u m f e r e n t i a l   beams   3 4 ,  

38.  In  a d d i t i o n   to   t h e s e   beams  34,  38,  t h e   p a n e l   p o r t i o n s  

of  t h e   s i d e w a l l   32  of  t he   cowl   30  b e t w e e n   t h e   beams   34,  3 8  

a r e   g i v e n   f u r t h e r   r e i n f o r c e m e n t   by  t h e   p r o v i s i o n   o f  

d o u b l e r s   33  or  " a n n u l a r "   r e c t a n g u l a r   a r e a s   of  d o u b l e  

t h i c k n e s s .  

The  cowl   30  is  p r e f e r a b l y   made  of  a  l i g h t w e i g h t  



c o m p o s i t e   m a t e r i a l .   Most   c u r r e n t l y   known  c o m p o s i t e  

m a t e r i a l s   a r e   no t   s u i t a b l e   f o r   use   in  c o n s t r u c t i n g   the   c o w l  

30  b e c a u s e   t h e y   l o s e   t h e i r   s t r u c t u r a l   s t r e n g t h   when  t h e i r  

t e m p e r a t u r e s   r i s e   to  r e l a t i v e l y   low  l e v e l s .   H o w e v e r ,  

c e r t a i n   n e w l y   a v a i l a b l e   c o m p o s i t e   m a t e r i a l s   m a i n t a i n   t h e i r  

s t r u c t u r a l   s t r e n g t h   a t   h i g h e r   t e m p e r a t u r e s .   One  s u c h  

m a t e r i a l   is  G r a p h i t e / P M R - 1 5   P o l y i m i d e ,   d e v e l o p e d   by  t h e  

N a t i o n a l   A e r o n a u t i c s   and  S p a c e   A d m i n i s t r a t i o n .   T h i s  

c o m p o s i t e   m a i n t a i n s   i t s   s t r u c t u r a l   s t r e n g t h   at   t e m p e r a t u r e s  

in  t h e   r a n g e   of  500  to   550  d e g r e e s   F.  and  has   an  e s t i m a t e d  

u s e f u l   l i f e   of  1 0 , 0 0 0   h o u r s   a t   500  d e g r e e s   F.  O t h e r  

l i g h t w e i g h t   c o m p o s i t e   m a t e r i a l s   t h a t   s i m i l a r l y   m a i n t a i n  

t h e i r   s t r u c t u r a l   s t r e n g t h   at   s u c h   t e m p e r a t u r e s   c o u l d   a l s o  

be  u sed   to  c o n s t r u c t   t h e   cowl  30.  In  t he   p r e f e r r e d  

e m b o d i m e n t ,   t he   cowl   30  is  made  of  l a m i n a t e   p a n e l s   of  s u c h  

a  c o m p o s i t e   m a t e r i a l ,   and  the   a x i a l   and  the   c i r c u m f e r e n t i a l  

beams  34,  38  a r e   f o r m e d   i n t e g r a l l y   w i t h   t he   s i d e w a l l   32  o f  

the   cowl  30.  T h i s   c o n s t r u c t i o n   has   t h e   a d v a n t a g e s   o f  

m a x i m i z i n g   b o t h   s t r u c t u r a l   s t r e n g t h   and  l i g h t n e s s   and  o f  

b e i n g   r e l a t i v e l y   i n e x p e n s i v e   to  m a n u f a c t u r e .  

In  o p e r a t i o n ,   t h e   f l o w   of  a m b i e n t   a i r   a l o n g   the   o u t e r  

s u r f a c e   of  t h e   s i d e w a l l   32  of  t h e   cowl  30  is   s u f f i c i e n t   t o  

m a i n t a i n   t he   t e m p e r a t u r e   of  the   s i d e w a l l   32  a t   or  b e l o w   t h e  

500  d e g r e e   r a n g e .   H o w e v e r ,   t h e r e   is  a  t e n d e n c y   f o r  

p o r t i o n s   of  t h e   a x i a l   and  c i r c u m f e r e n t i a l   beams   34,  38  t o  

h e a t   to   a  t e m p e r a t u r e   h i g h e r   t h a n   t h e   500  d e g r e e   r a n g e .  
T h i s   t e n d e n c y   is  due  to  t he   g r e a t e r   p r o x i m i t y   of  t he   b e a m s  

34,  38  to  t h e   h i g h   e n g i n e   t e m p e r a t u r e s   and  to  t he   r e l a t i v e  

r e m o t e n e s s   of  t h e   beams  34,  38  f rom  t h e   f l o w   of  a m b i e n t   a i r  

t h a t   moves  a l o n g   t h e   o u t e r   s u r f a c e   of  t h e   s i d e w a l l   32  o f  

t h e   cowl   30.  C o m p o s i t e   m a t e r i a l s   such   as  t h o s e   u sed   t o  

c o n s t r u c t   t h e   cowl  30  do  no t   have   s u f f i c i e n t   t h e r m a l  

c o n d u c t i v i t y   to  a l l o w   t h e   c o o l i n g   of  t he   o u t e r   s u r f a c e   o f  

t he   s i d e w a l l   32  to  p r o v i d e   s u f f i c i e n t   c o o l i n g   fo r   t he   i n n e r  



p o r t i o n s   of  t h e   beams   34,  3f3.  T h e r e f o r e ,   i t   is  n e c e s s a r y  
to  p r o v i d e   means   f o r   c o o l i n g   t h e   two  s i d e   webs  35  a n d ,  

e s p e c i a l l y ,   t he   r a d i a l l y   i n w a r d   w a l l   36  of   e a c h   beam  3 4 ,  

38.  T h i s   c o o l i n g   is  n e c e s s a r y   b e c a u s e ,   a l t h o u g h   t h e  

c o m p o s i t e s   u s e d   in  m a k i n g   t h e   cowl   30  m a i n t a i n   t h e i r  

s t r u c t u r a l   s t r e n g t h   in  t h e   500  d e g r e e   r a n g e ,   t h e s e  

c o m p o s i t e s   b e g i n   to  l o s e   t h e i r   s t r u c t u r a l   s t r e n g t h   a t  

t e m p e r a t u r e s   a b o v e   t h i s   l e v e l .  

The  need   fo r   c o o l i n g   is   one  of  t he   r e a s o n s   t h i t   t h e  

r e i n f o r c i n g   b e a m s ,   t h e   a x i a l   and  c i r c u m f e r e n t i a l   beams   3 4 ,  

38,  a r e   p r o v i d e d   in  t u b u l a r   f o r m .   The  t u b u l a r   form  of  t h e  

beams  34,  38  makes   i t   p o s s i b l e   to  d i r e c t   c o o l i n g   a i r  

t h r o u g h   t h e   beams   34,  38  and  t h r o u g h   t he   i n t e r c o n n e c t i n g  

p a s s a g e w a y s   37,  39  f o r m e d   by  t he   beams   34,  38.  F i g .   7 

shows  a  c r o s s   s e c t i o n   of  one  of  t h e   beams   34,  38.  F i g .   6 

shows   a  c r o s s   s e c t i o n   of  a  w e l l   known  w ide   f l a n g e   b e a m  

c o n f i g u r a t i o n   99  t h a t   i s   u s e d   f o r   s t r u c t u r a l   r e i n f o r c e m e n t  

of  s u r f a c e s .   A  c o m p o s i t e   beam  w i t h   s u c h   a  c o n f i g u r a t i o n  

c o u l d   no t   be  p r o p e r l y   c o o l e d   and ,   t h e r e f o r e ,   w o u l d   f a i l  

when  i t s   i n n e r   p o r t i o n   was  s u b j e c t e d   to  h i g h   e n g i n e  

t e m p e r a t u r e s .  

The  f l ow  p a t h   of  c o o l i n g   a i r   t h r o u g h   t h e   beams  34,  38  

is   i l l u s t r a t e d   in  F i g .   5.  The  f l o w   is  m e t e r e d   in  o r d e r   t o  

m a i n t a i n   t h e   i n n e r   p o r t i o n s   35,  36  of   t h e   beams   34,  38  a t  

e s s e n t i a l l y   t h e   same  t e m p e r a t u r e   as  t h e   o u t e r   s u r f a c e   o f  

t h e   s i d e w a l l   32  of   t he   cowl   30.  When  t h i s   is  a c c o m p l i s h e d ,  

e a c h   beam  34,  38  f o r m e d   by  two  s i d e   webs   35,  a  r a d i a l  

i n w a r d   w a l l   36,  and  a  p o r t i o n   of  t he   s i d e w a l l   32  of  t h e  

cowl   30  p r o p e r l y   f u n c t i o n s   as  a  s t r u c t u r a l   beam  t o  

r e i n f o r c e   t h e   s t r e n g t h   of  t he   cowl   30.  Wi th   t h e   r a d i a l l y  

i n w a r d   w a l l   36  and  t h e   p o r t i o n   ot  t he   s i d e w a l l   30  h a v i n g  

e s s e n t i a l l y   e q u a l   s t r e n g t h ,   e a c h   is  a b l e   to  c a r r y   t h e  

c o m p r e s s i o n   or  t e n s i o n   f o r c e s   c r e a t e d   in  i t   by  t h e   t e n d e n c y  

of  t he   cowl   30  to   b e n d .   With   e a c h   of  t h e s e   p a r t s   c a r r y i n g  

i t s   s h a r e   of  t he   l o a d ,   t he   n e u t r a l   p l a n e   ( t h e   p l a n e   b e t w e e n  



t he   c o m p r e s s e d   member   and  t h e   t e n s i o n e d   member   a t   w h i c h  

b o t h   c o m p r e s s i o n   and  t e n s i o n   a r e   z e r o )   is  m a i n t a i n e d   in  i t s  

d e s i r e d   p o s i t i o n   s u b s t a n t i a l l y   h a l f w a y   b e t w e e n   the   r a d i a l l y  

i n w a r d   w a l l   36  and  t h e   s i d e w a l l   30,  and  the   beam  34,  38 

f u n c t i o n s   e f f i c i e n t l y   as  a  s t r u c t u r a l   r e i n f o r c e m e n t .   T h e  

p r o v i s i o n   of  t he   c o r r e c t   a m o u n t   of  f l o w   of  c o o l i n g   a i r   b y  

m e t e r i n g   t he   f l o w   is  i m p o r t a n t   to  t h e   f u n c t i o n i n g   of  t h e  

cowl  30  b e c a u s e   i t   m a i n t a i n s   the   c o m p r e s s e d   p o r t i o n   and  t h e  

t e n s i o n e d   p o r t i o n   of  the   beam  34,  38  a t   e s s e n t i a l l y   t h e  

same  t e m p e r a t u r e   l e v e l   so  t h a t   t he   s t r e n g t h   of  e a c h   o f  

t h e s e   p o r t i o n s   i s   s u b s t a n t i a l l y   e q u a l .  

The  f l o w   of  c o o l i n g   a i r   t h r o u g h   t he   beams  34,  38  may  b e  

p r o v i d e d   in  s e v e r a l   w a y s .   In  t h e   p r e f e r r e d   e m b o d i m e n t  

shown  in  t he   d r a w i n g s ,   t he   f low  is   p r o v i d e d   by  u s i n g   f o r c e d  

a s p i r a t i o n   to  c h a n n e l   a m b i e n t   a i r   t h r o u g h   t he   p a s s a g e w a y s  
37,  39  f o r m e d   by  t h e   beams  34,  38.  In  o r d e r   to  o b t a i n   t h e  

f o r c e d   a s p i r a t i o n ,   i n l e t   means   a r e   p r o v i d e d   a t   t h e   f o r w a r d  

end  of  t h e   cowl   30,  and  o u t l e t   means   a r e   p r o v i d e d   at   t h e  

r e a r   end  of  t h e   cowl   30.  In  t h e   p r e f e r r e d   e m b o d i m e n t ,   a  

s u i t a b l e   i n l e t   40  is   l o c a t e d   a t   t he   f o r w a r d   end  of  e a c h  

a x i a l   beam  34,  and  a  s u i t a b l e   o u t l e t   42  is   l o c a t e d   a t   t h e  

r e a r   end  of  e a c h   a x i a l   beam  34.  T h e s e   i n l e t s   40  a n d  

o u t l e t s   42  a r e   p o s i t i o n e d   in  a  known  m a n n e r   to  t a k e  

a d v a n t a g e   of  t h e   r e l a t i v e   v e l o c i t y   b e t w e e n   t h e   a i r   i n l e t   4 0  

and  t h e   a i r   s t r e a m   f l o w i n g   p a s t   t he   cowl   30  and  to  m i n i m i z e  

d r a g .   As  shown  in  t he   d r a w i n g s ,   t h e   i n l e t   40  i s   f o r m e d  

f l u s h   w i t h   t h e   o u t e r   s u r f a c e   of  t he   cowl  30  and  a n g l e d  

s l i g h t l y   f o r w a r d .   S i m i l a r l y ,   t h e   o u t l e t   42  is  f o r m e d   f l u s h  

w i t h   t h e   o u t e r   s u r f a c e   of  t he   cowl   30  and  is   a n g l e d  

s l i g h t l y   to  t he   r e a r   of  t h e   cowl   30.  The  f l o w   of  c o o l i n g  

a i r   is   a s p i r a t e d   t h r o u g h   the   p a s s a g e w a y s   37,  3 9 .  

Of  c o u r s e ,   t h e   f l ow  of  c o o l i n g   a i r   c o u l d   be  p r o v i d e d   i n  

o t h e r   w a y s .   One  such   way  is   to  i n d u c e   t he   f l o w   of  a i r   b y  

p r o d u c i n g   a  s u c t i o n   e f f e c t   t h r o u g h   t h e   p a s s a g e w a y s   37,  39 



in  t h e   beams   34,  38  by  i n j e c t i n g   a  f l o w   of  g a s e s   p a s t   a n  
o u t l e t   o p e n i n g   in  t h e   p a s s a g e w a y s .   F low  of  c o o l i n g   a i r   m a y  
a l s o   be  p r o v i d e d   by  s u p p l y i n g   b l e e d   a i r   f rom  t h e   c o m p r e s s o r  
in  t h e   e n g i n e .  

In  t he   p r e f e r r e d   e m b o d i m e n t ,   t he   m e t e r i n g   of  t he   f l o w  

of  c o o l i n g   a i r   i s   a u t o m a t i c a l l y   p r o v i d e d   by  the   s t r u c t u r e  

of  t h e   beams   34,  38  and  t h e   i n l e t   and  o u t l e t   o p e n i n g s   4 0 ,  
42.   The  s i z e s   of  t he   beams   34,  38  and  t h e   p a s s a g e w a y s   3 7 ,  

39  e x t e n d i n g   t h r o u g h   them  a r e   c a r e f u l l y   s e l e c t e d   to  p e r m i t  

t h e   d e s i r e d   a m o u n t   of  f l o w   t h r o u g h   t h e m .   In  a d d i t i o n ,   t h e  

s i z e s   and  p o s i t i o n s   of  t h e   i n l e t s   40  and  o u t l e t s   42  a r e  

s e l e c t e d   to   c r e a t e   f o r c e d   a s p i r a t i o n   of  t h e   p r o p e r  
m a g n i t u d e   to  m a i n t a i n   t he   d e s i r e d   a m o u n t   of  f l o w   of  c o o l i n g  
a i r .  

As  is  s t a n d a r d   in  many  known  j e t   a i r c r a f t ,   t he   j e t  

e n g i n e   shown  in  F i g .   1  is   c o n n e c t e d   to  t h e   f r a m e   member   4 

c a r r i e d   by  t h e   wing   2.  The  e n g i n e   fan   c a s i n g   18A  i s  

c o n n e c t e d   to  t h e   f r a m e   4  a t   a  f o r w a r d   l o c a t i o n   15,  and  a n  

a f t   p o r t i o n   of  the   e n g i n e   c o r e   c a s i n g   18B  is   c o n n e c t e d   t o  

t he   f r a m e   4  a t   an  a f t   l o c a t i o n   16.  The  fan  c a s i n g   18A  i s  

c o n n e c t e d   to  a  f o r w a r d   p o r t i o n   of  t he   c o r e   c a s i n g   18B 

t h r o u g h   a  s e r i e s   of  r a d i a l   s t r u t s   19.  In  t h i s   a r r a n g e m e n t  
w i t h   t h e   e n g i n e   c o r e   c a s i n g   18B  s u p p o r t e d   n e a r   e a c h   of  i t s  

e n d s ,   t h e   e n g i n e   c o r e   c a s i n g   18B  a c t s   as  a  beam  and  c a r r i e s  

t h e   b e n d i n g   l o a d s   c a u s e d   by  t he   t h r u s t   and  by  t h e   a i r   l o a d s  

a c t i n g   on  t h e   a i r c r a f t .   In  known  a i r c r a f t ,   t h e   e n g i n e  

c a s i n g   c a r r i e s   a l l   of  t h e   b e n d i n g   l o a d s .   W i t h   t h e  

d e v e l o p m e n t   of  l a r g e r   a i r c r a f t   w i t h   l a r g e r   e n g i n e s   o f  

l i g h t e r   w e i g h t   c o n s t r u c t i o n ,   t h e   b e n d i n g   l o a d s   on  t h e  

e n g i n e   c a s i n g   h a v e   i n c r e a s e d   to  a  m a g n i t u d e   s u f f i c i e n t   t o  

c a u s e   s e r i o u s   p e r f o r m a n c e   d e t e r i o r a t i o n   of  t h e   e n g i n e .  

A  p o s s i b l e   s o l u t i o n   to  t he   e n g i n e   b e n d i n g   p r o b l e m   w o u l d  

be  to   s t i f f e n   t h e   e n g i n e   to  g i v e   i t   g r e a t e r   s t r u c t u r a l  

s t r e n g t h .   H o w e v e r ,   s u c h   a  s o l u t i o n   w o u l d   c o s t   a  g r e a t   d e a l  



more  t h a n   t h e   a l t e r n a t i v e   of  s t r u c t u r a l l y   i n t e g r a t i n g   t h e  

cowl  w i t h   t h e   e n g i n e   and  w o u l d   add  to   t h e   o v e r a l l   w e i g h t   o f  

t h e   a i r c r a f t .   T h e r e f o r e ,   in  a i r c r a f t   i n c o r p o r a t i n g   t h e  

a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n ,   c o n n e c t i n g   means   a r e  

p r o v i d e d   f o r   c o n n e c t i n g   the   c o r e   cowl   to  t he   e n g i n e  

m o u n t i n g   f r a m e   and  f o r   s t r u c t u r a l l y   i n t e g r a t i n g   t he   e n g i n e  

c a s i n g   w i t h   t h e   c o r e   c o w l .   With   t he   c o r e   cowl  and  t h e  

e n g i n e   s t r u c t u r a l l y   i n t e g r a t e d ,   t he   c o r e   c o w l ,   l i k e   t h e  

e n g i n e ,   a c t s   as  a  beam  w h i c h   is  s u b j e c t   to  b e n d i n g   d u r i n g  

e n g i n e   o p e r a t i o n .   T h u s ,   t h e   c o r e   cowl   s h a r e s   b e n d i n g   l o a d s  

w i t h   t he   e n g i n e .   T h i s   d i v i s i o n   of  b e n d i n g   l o a d s   b e t w e e n  

c o n c e n t r i c   beams  a l l o w s   t h e   e n g i n e   to  c a r r y   i t s   s h a r e   o f  

t h e   l o a d s   w i t h o u t   e x p e r i e n c i n g   u n d e s i r a b l e   p e r f o r m a n c e  

d e t e r i o r a t i o n .  

The  p r e f e r r e d   e m b o d i m e n t   of  t he   s t r u c t u r a l   i n t e g r a t i o n  

of  t he   e n g i n e   c o r e   c a s i n g   18B  w i t h   t he   c o r e   cowl   30  h a s  

v a r i o u s   a s p e c t s .   (See   F i g s .   3  and  12)  One  s u c h   a s p e c t   i s  

t h a t   t h e   f o r w a r d   a t t a c h m e n t s   to   the   e n g i n e   c o r e   c a s i n g   1 8 B ,  

v i a   t h e   cowl   s u p p o r t   s h r o u d   20,  have   b e e n   i n c r e a s e d   o v e r  

t h e   c o n v e n t i o n a l   a t t a c h m e n t s   to   be  l o a d - b e a r i n g .   A 

V - g r o o v e   is   p r o v i d e d   on  the   a f t   end  of  t he   s h r o u d   20,  and  a  

c o m p l e m e n t a r y   V - t o n g u e   24  is  p r o v i d e d   a t   t h e   f o r w a r d   e d g e s  

of  t h e   cowl   d o o r s   31  t h a t   form  t he   e s s e n t i a l l y   c y l i n d r i c a l  

cowl  30.  A  f o r w a r d   cowl  d o o r   t e n s i o n e r   26  on  t h e   l a d d e r  

cowl   s u p p o r t   s t r u c t u r e   22  of   t h e   e n g i n e   c o r e   c a s i n g   18B 

p r o v i d e s   hoop   t e n s i o n   to  make  t he   c o n n e c t i o n   l o a d - b e a r i n g .  

An  a u t o m a t i c a l l y   o p e r a t e d   hoop   t e n s i o n i n g   d e v i c e   i s  

p r o v i d e d .   T h i s   d e v i c e   is  o n l y   in  o p e r a t i o n   when  t he   e n g i n e  

is   r u n n i n g   so  t h a t   i t   w i l l   no t   i n t e r f e r e   w i t h   m a i n t e n a n c e  

a c c e s s i b i l i t y .   At  t h e   r e a r   of  t he   cowl  d o o r s   31,  t h e r e   i s  

l o c a t e d   a  s u p p o r t   r i n g   f r a m e   27.  T h i s   s u p p o r t   r i n g   f r a m e  

27  r e c e i v e s   a  l o a d   t r a n s f e r   r i n g   29  w h i c h   is  c a r r i e d   by  t h e  

e n g i n e   c o r e   c a s i n g   18B  and  w h i c h   t r a n s m i t s   r e a c t i o n s   e v e n l y  

to  the   r e a r   of  t h e   c a s i n g   1813.  An  a f t   cowl  d o o r   t e n s i o n e r  



28  i s   p r o v i d e d   on  t h e   l a d d e r   s u p p o r t   s t r u c t u r e   22  i n  

a s s o c i a t i o n   w i t h   t h i s   r i n g   29.  The  l o a d   t r a n s f e r   r i n g   29  

p r e f e r a b l y   i n c l u d e s   s w i v e l   l i n k s   29A  (See   F i g .   12)  w h i c h  

a l l o w   for   t h e r m a l   e x p a n s i o n   of  t he   e n g i n e   u n d e r   a l l   l o a d i n g  

c o n d i t i o n s .   H i n g e s   50,  such   as  the  one  shown  in  F i g .   9 ,  

a r e   p r o v i d e d   a l o n g   t h e   a x i a l   e d g e s   of  t he   cowl  d o o r s   31  t o  

a l l o w   p i v o t i n g   of  t h e   d o o r s   31  when  t h e y   a r e   o p e n e d .  

L a t c h e s   52  a r e   p r o v i d e d   to  s e c u r e   t he   two  cowl  d o o r s   31 

t o g e t h e r ,   w i t h   e a c h   of  the   cowl  d o o r s   31  f o r m i n g   o n e - h a l f  

of  t h e   e s s s e n t i a l l y   c y l i n d r i c a l   cowl  3 0 .  

The  l o a d - b e a r i n g   c o n n e c t i o n s   b e t w e e n   the   cowl   30  a n d  

t he   e n g i n e   c a s i n g   a t   t he   f o r w a r d   end  of  t he   cowl  ( t h r o u g h  

t he   i n t e r m e d i a t e   s h r o u d   2 0 ) a n d   t he   a f t   end  of  the   cowl   30 

( t h r o u g h   t h e   l o a d   t r a n s f e r   r i n g   29)  s t r u c t u r a l l y   i n t e g r a t e  

t he   cowl   30  w i t h   t h e   e n g i n e   c a s i n g .   T h i s   r e s u l t s   in  t h e  

d e s i r e d   l o a d   s h a r i n g   b e t w e e n   the   e n g i n e   c a s i n g   and  the   c o w l  

30.   Each  of  t he   cowl   30  and  t h e   e n g i n e   c a s i n g   a c t s   as  a  
beam  t h a t   c a r r i e s   a  s h a r e   of  t he   b e n d i n g   l o a d s .  

S t a t i c   l o a d   t e s t s   h a v e   b e e n   c o n d u c t e d   to  t e s t   t he   l o a d  

s h a r i n g   c o n c e p t   t h a t   is   an  a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n .  

S i m u l a t e d   t h r u s t   l o a d s   and  cowl   b e n d i n g   m o m e n t s   w e r e  

a p p l i e d   to  a p p a r a t u s   c o n s t r u c t e d   a c c o r d i n g   to  t h e  

i n v e n t i o n .   The  r e s u l t s   of  t he   t e s t s   were   o v e r w h e l m i n g l y  

f a v o r a b l e .   S i x t y   p e r c e n t   l o a d   s h a r i n g   was  a c h i e v e d   in  t h e  

t u r b i n e   s e c t i o n ,   and  o v e r   f o r t y   p e r c e n t   l o a d   s h a r i n g   in  t h e  

fan   s e c t i o n .   The  s t i f f e n i n g   e f f e c t   in  t h e   fan   c a s e   w i l l   b e  

e x t r e m e l y   h e l p f u l   in  s o l v i n g   t h e   p r o b l e m   of  i n s t a b i l i t y   i n  

t h e   f a n .   The  t e s t   r e s u l t s   i n d i c a t e d   t h a t   o v e r   75%  of  t h e  

d e t e r i o r a t i o n   in  t he   t h r u s t - s p e c i f i c   f u e l   c o n s u m p t i o n   o f  

t h e   a i r c r a f t   due  to  b a c k b o n e   b e n d i n g   of  t he   e n g i n e   can  b e  

p r e v e n t e d   by  use   of  a  l o a d   c a r r y i n g   c o r e   c o w l .   I n  

a d d i t i o n ,   t he   e n g i n e   c a s i n g   o f f s e t   can  be  r e d u c e d ,  

p r o d u c i n g   a  g a i n   in  the   i n i t i a l   t h r u s t - s p e c i f i c   f u e l  

c o n s u m p t i o n .  



In  s u m m a r y ,   t he   a p p a r a t u s   and  m e t h o d   of  t he   p r e s e n t  

i n v e n t i o n   g r e a t l y   r e d u c e   e n g i n e   p e r f o r m a n c e   d e t e r i o r a t i o n ,  

and  t h e r e f o r e   g r e a t l y   r e d u c e   m a i n t e n a n c e   c o s t s   and  l o s s   o f  

f u e l   e f f i c i e n c y .   Wi th   t he   use  of  t h e   new  c o m p o s i t e  

m a t e r i a l s ,   t h e   b e n e f i t s   of  the   r e d u c t i o n   in  p e r f o r m a n c e  

d e t e r i o r a t i o n   can   be  o b t a i n e d   w i t h   l i t t l e   or  no  w e i g h t  

p e n a l t y   b e i n g   i n c u r r e d .  

A l t h o u g h   t h e   b e s t   mode  and  p r e f e r r e d   e m b o d i m e n t   of  t h e  

i n v e n t i o n   has   b e e n   i l l u s t r a t e d   and  d e s c r i b e d   h e r e i n ,   i t   i s  

i n t e n d e d   to  be  r e a l i z e d   by  t h o s e   s k i l l e d   in  t he   a r t   t h a t  

t he   p r e s e n t   i n v e n t i o n   may  be  e m b o d i e d   in   o t h e r   t h a n   t h e  

s p e c i f i c   a p p a r a t u s ,   m e t h o d ,   and  a p p l i c a t i o n s   i l l u s t r a t e d  

and  d e s c r i b e d   h e r e i n .   V a r i o u s   c h a n g e s   may  be  made  w i t h o u t  

d e p a r t i n g   f rom  the   s p i r i t   and  s c o p e   of   t h e   p r e s e n t  

i n v e n t i o n   as  d e f i n e d   in  t h e   f o l l o w i n g   c l a i m s .  



1.  In  c o m b i n a t i o n   w i t h   an  a i r c r a f t   w h e r e i n   an  e n g i n e  

h a v i n g   a  c a s i n g   is  c a r r i e d   by  an  e n g i n e   m o u n t i n g   f r a m e  a n d  

w h e r e i n   t h e   e n g i n e   c a s i n g   a c t s   as  a  beam,  t he   i m p r o v e m e n t  
w h i c h   c o m p r i s e s :  

a  c o r e   cowl   s u r r o u n d i n g   a  p o r t i o n   of  the   e n g i n e ;   s a i d  

cowl  c o m p r i s i n g   a  m a t e r i a l   t h a t   can  w i t h s t a n d   h e a t   bu t   t h a t  

l o s e s   s t r e n g t h   as  i t s   t e m p e r a t u r e   r i s e s   a b o v e   a  

p r e d e t e r m i n e d   l e v e l ;   and  s a i d   cowl  i n c l u d i n g   a  s i d e w a l l   t h e  

o u t e r   s u r f a c e   of  w h i c h   is  p o s i t i o n e d   to  be  e x p o s e d   to  a  

c o o l i n g   a i r s t r e a m ,   and  s t i f f e n i n g   means   f o r   s t i f f e n i n g   t h e  

c o w l ,   s a i d   s t i f f e n i n g   means   i n c l u d i n g   a  p l u r a l i t y   o f  

t u b u l a r   beams  on  t h e   i n n e r   s u r f a c e   of  t h e   s i d e w a l l   of  t h e  

c o w l ,   e a c h   of  s a i d   beams   h a v i n g   a  w a l l   p o r t i o n   t h a t   i s  

s p a c e d   f rom  s a i d   i n n e r   s u r f a c e ;  

c o n n e c t i n g   means   fo r   c o n n e c t i n g   t h e   cowl   to  s a i d   e n g i n e  

m o u n t i n g   f r a m e   and  f o r   s t r u c t u r a l l y   i n t e g r a t i n g   the   e n g i n e  

c a s i n g   w i t h   t h e   c o w l ;   a n d  

means   f o r   d i r e c t i n g   c o o l i n g   a i r   t h r o u g h   s a i d   b e a m s ;  

w h e r e i n   the   cowl   a c t s   as  a  beam  and  s h a r e s   b e n d i n g  
l o a d s   w i t h   t he   e n g i n e   c a s i n g .  

2.  The  c o m b i n a t i o n   r e c i t e d   in  c l a i m   1,  w h e r e i n   s a i d  

t u b u l a r   beams  i n c l u d e   a  f i r s t   s e t   of  n o n - i n t e r s e c t i n g   b e a m s  
t h a t   a r e   s p a c e d   a b o u t   s a i d   i n n e r   s u r f a c e ,   and  a  s e c o n d   s e t  

of  n o n - i n t e r s e c t i n g   beams  t h a t   a r e   s p a c e d   a b o u t   s a i d  i n n e r  

s u r f a c e ,   s a i d   f i r s t   s e t   of  beams  i n t e r s e c t i n g   s a i d   s e c o n d  

s e t ,   and  s a i d   f i r s t   and  s e c o n d   s e t s   of  beams  b e i n g  

i n t e r c o n n e c t e d   to  a l l o w   t he   p a s s a g e   of  c o o l i n g   a i r   b e t w e e n  

t h e m .  

3.  The  c o m b i n a t i o n   r e c i t e d   in  c l a i m   1  or  c l a i m   2 ,  

w h e r e i n   s a i d   w a l l   p o r t i o n   is  e s s e n t i a l l y   p a r a l l e l   to  s a i d  

i n n e r   s u r f a c e .  

4.  The  c o m b i n a t i o n   r e c i t e d   in  c l a i m   3,  w h e r e i n   s a i d  

t u b u l a r   beams  a r e   h o l l o w   box  b e a m s .  



5.  The  c o m b i n a t i o n   r e c i t e d   in  c l a i m   1,  w h e r e i n   s a i d  

t u b u l a r   beams  e x t e n d   a x i a l l y   a l o n g   and  a r e   d i s t r i b u t e d  

c i r c u m f e r e n t i a l l y   a b o u t   s a i d   i n n e r   s u r f a c e .  

6.  The  c o m b i n a t i o n   r e c i t e d   in  c l a i m   5,  w h e r e i n   s a i d  

a x i a l   beams  a r e   s p a c e d   c i r c u m f e r e n t i a l l y   a b o u t   t h e   i n n e r  

s u r f a c e   of  t h e   s i d e w a l l   of  t he   c o w l ;   and  t h e   s t i f f e n i n g  

means   f u r t h e r   i n c l u d e s   a  p l u r a l i t y   o f  a x i a l l y - s p a c e d  

t u b u l a r   beams  e x t e n d i n g   c i r c u m f e r e n t i a l l y   a r o u n d   t h e   i n n e r  

s u r f a c e   of  s a i d   s i d e w a l l ,   e a c h   of  s a i d   c i r c u m f e r e n t i a l  

beams  h a v i n g   a  w a l l   p o r t i o n   t h a t   is   s p a c e d   f rom  s a i d   i n n e r  

s u r f a c e ;   s a i d   a x i a l   beams  and  s a i d   c i r c u m f e r e n t i a l   b e a m s  

b e i n g   i n t e r c o n n e c t e d   to  a l l o w   t he   p a s s a g e   of  c o o l i n g   a i r  

b e t w e e n   t h e m .  

7.  The  c o m b i n a t i o n   r e c i t e d   in  c l a i m   6,  w h e r e i n   s a i d  

w a l l   p o r t i o n   of  e a c h   a x i a l   beam  and  s a i d   w a l l   p o r t i o n   o f  

e a c h   c i r c u m f e r e n t i a l   beam  a r e   e s s e n t i a l l y   p a r a l l e l   to   s a i d  

i n n e r   s u r f a c e .  

8.  The  c o m b i n a t i o n   r e c i t e d   in  c l a i m   7,  w h e r e i n   s a i d  

a x i a l   beams  and  s a i d   c i r c u m f e r e n t i a l   beams   a r e   h o l l o w   b o x  

b e a m s .  

9.  The  c o m b i n a t i o n   r e c i t e d   in  c l a i m   1,  w h e r e i n   t h e  

means   f o r   d i r e c t i n g   c o o l i n g   a i r   c o m p r i s e s   i n l e t   means   a t  

t h e   f o r w a r d   end  of  t he   c o w l ,   and  o u t l e t   means   a t   t h e   r e a r  

end  of  t h e   c o w l ,   s a i d   i n l e t   means   and  s a i d   o u t l e t   m e a n s  

b e i n g   p o s i t i o n e d   to  m a i n t a i n   f l o w   of  c o o l i n g   a i r   by  f o r c e d  

a s p i r a t i o n .  

10.  The  c o m b i n a t i o n   r e c i t e d   in  c l a i m   5  or   c l a i m   6 ,  

w h e r e i n   t he   means   f o r   d i r e c t i n g   c o o l i n g   a i r   c o m p r i s e s   i n l e t  

means   a t   t h e   f o r w a r d   end  of  e a c h   a x i a l   beam,  and  o u t l e t  

means   a t   t h e   r e a r   end  of  e a c h   a x i a l   beam,  s a i d   i n l e t   m e a n s  

and  s a i d   o u t l e t   means   b e i n g   p o s i t i o n e d   to  m a i n t a i n   f l o w   o f  

c o o l i n g   a i r   by  f o r c e d   a s p i r a t i o n .  

11.  The  c o m b i n a t i o n   r e c i t e d   in  c l a i m   1,  w h e r e i n   t h e  

cowl   c o m p r i s e s   l a m i n a t e   p a n e l s   of  c o m p o s i t e   m a t e r i a l ,   a n d  



t h e   t u b u l a r   beams  a r e   f o r m e d   i n t e g r a l l y   w i t h   the   s i d e w a l l  

of  t h e   c o w l .  

12.  In  a  s y s t e m   in  w h i c h   an  e n g i n e   is  c a r r i e d   by  a n  

e n g i n e   m o u n t i n g   f r a m e   of  an  a i r c r a f t ,   a  c o r e   cowl  s u r r o u n d s  

a  p o r t i o n   of  s a i d   e n g i n e ,   t he   o u t e r   s u r f a c e   of  the   s i d e w a l l  

of  the   cowl  is  e x p o s e d   to  a  c o o l i n g   a i r s t r e a m ,   and  t h e  

e n g i n e   c a s i n g   a c t s   as  a  beam  t h a t   c a r r i e s   b e n d i n g   l o a d s ,   a  

m e t h o d   of  m i n i m i z i n g   e n g i n e   b a c k b o n e   b e n d i n g ,   s a i d   m e t h o d  

c o m p r i s i n g :  

p r o v i d i n g   t h e   c o r e   cowl   w i t h   t u b u l a r   beams  on  t he   i n n e r  

s u r f a c e   of  t he   s i d e w a l l   of  t h e  c o w l   to  s t i f f e n   the   c o w l ;  

c o n n e c t i n g   t he   cowl   and  the   e n g i n e   c a s i n g   t o g e t h e r   a n d  

s t r u c t u r a l l y   i n t e g r a t i n g   the   e n g i n e   c a s i n g   w i t h   the   cowl  t o  

a l l o w   the   cowl  to  a c t   a s  a   beam  so  t h a t   t he   cowl   and  t h e  

e n g i n e   c a s i n g   e a c h   e x p e r i e n c e   b e n d i n g   l o a d s ;   a n d  

d i r e c t i n g   a  m e t e r e d   f low  of  c o o l i n g   a i r   t h r o u g h   t h e  

t u b u l a r   beams  to  m a i n t a i n   t he   r a d i a l l y   i n n e r   p o r t i o n s   o f  

t he   beams  a t   e s s e n t i a l l y   t he   same  t e m p e r a t u r e   as  t h e   o u t e r  

s u r f a c e   of  t he   s i d e w a l l   of  t he   c o w l .  

13.  A  m e t h o d   as  r e c i t e d   in  c l a i m   12,  w h e r e i n   the   s t e p  
of  d i r e c t i n g   a  m e t e r e d   f low  c o m p r i s e s :  

s e l e c t i n g   t u b u l a r   beams  w i t h   l o n g i t u d i n a l   p a s s a g e w a y s  
t h a t   a r e   s i z e d   to  p e r m i t   t he   d e s i r e d   a m o u n t   of  f l o w ;   a n d  

p o s i t i o n i n g   i n l e t   means   at  the   f o r w a r d   end  of  t he   c o w l  

and  o u t l e t   means   a t   the   r e a r   end  of  the   cowl  to  m a i n t a i n  

f l o w   of  c o o l i n g   a i r   by  f o r c e d   a s p i r a t i o n .  
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